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Vitamin D status and risk of ischemic stroke in
North Indian patients
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Context: Accumulating evidence suggests that vitamin D deficiency is associated with increased risk of stroke. Contributing
mechanisms have been linked to the association of vitamin D deficiency with the presence of hypertension, diabetes mellitus, and
atherosclerosis, however, the evidence is conflicting. Aims: This study sought to determine the association of vitamin D deficiency
with ischemic stroke and its risk factors. Settings and Design: Cross-sectional case control study. Subjects and Methods: We
measured serum 25-hydroxyvitamin D [25(OH) D] and intact parathyroid hormone (iPTH) levels in 73 patients of ischemic stroke,
presenting within 7 days of onset of stroke and compared with 70 age and gender matched controls. Statistical Analysis Used: The
statistical analysis was carried out using Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, version 17.0 for Windows).
Results: The mean age of patients and controls was 59.9 + 11.2 years and 57.9 + 9.7 years, respectively (P = 0.26). Of 67.1% patients
were men as compared to 65.7% controls (P = 0.86). There was no significant difference in the prevalence of vitamin D deficiency/
insufficiency (P = 0.25), mean 25(OH) D levels (P = 0.75), and iPTH levels (P = 0.10) between cases and controls. No association
of vitamin D deficiency/insufficiency was found with the prevalent risk factors in cases of ischemic stroke. Conclusions: Vitamin D

deficiency does not bear an association with ischemic stroke or its risk factors.
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INTRODUCTION

A poor vitamin D status is now recognized as a public
health problem affecting almost every second person
wotldwide.! Evidence from many prospective population
based studies has indicated that poor vitamin D status
is predictive for future strokes.”” A meta-analysis on
25-hydroxyvitamin D [25(OH) D] and symptomatic
ischemic stroke has found stepwise increasing risk
of symptomatic ischemic stroke with decreasing
concentration of plasma 25(OH) D.”! Data from patient
based cross-sectional studies also supports this association,
but the evidence is limited.*'
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Studies from India have uniformly pointed to low
25(OH) D levels in Indian population in all age groups
and in all regions, despite plenty of sunshine."! Indian
epidemiological data also reveals high age-standardized
prevalence and annual incidence rates of first-ever stroke in
Indians as compated to non-Asian populations.'>"”! Hence,
it was interesting to explore the association between the
two. This study aimed at determining the association of
vitamin D deficiency/insufficiency with ischemic stroke
and its risk factors.

SuBJECTS AND METHODS

Study design and participants

In this cross-sectional, hospital based (latitude 30.74°N)
case control study, 73 patients were included who were
diagnosed with ischemic stroke. The inclusion criteria
were: i) Presentation within 7 days of onset of ischemic
stroke, ii) Prestroke Modified Rankin Score (MRS) <2,
iif) Age = 35 years. Patients on vitamin D and calcium
supplementation, those with renal and hepatic impairment,
and those who underwent thrombolysis were excluded. All
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patients had a CT or MRI brain scan at baseline. A total of
70 age- and gender-matched healthy controls were included.
The study was approved by the Institute ethics committee
and all subjects gave a written informed consent.

Data collection

A questionnaire-based direct interview was used to
collect information on disease profile, demographic
variables, risk factors, and medications used. Patients
underwent measurements like serum 25(OH) D, intact
parathyroid hormone (iPTH), serum total calcium,
inorganic phosphorous, lipid profile, HbAlc, fasting plasma
glucose (FPG), renal and liver function tests.

Serum iPTH and 25(OH) D were measured by
chemiluminescence assay using commercially available
kits (Elecsys 2010 system, Roche diagnostic, Germany).
Individuals whose serum 25(OH) D value was less than
50 nmol/L (20 ng/mL) were classified as deficient, 50
to 74 nmol/L (20 - 29 ng/ml) as insufficient and =75
amol/L (30 ng/ml) were identified as sufficient.l'y
HbA1lc was estimated by Bio-Rad 10 system (Bio-Rad,
Hercules, CA) functioning on HPLC-based ion exchange
chromatography. Serum albumin, calcium, phosphorus, lipid
profile, FPG, liver function and renal function tests were
done by auto-analyser (Modular P500 Roche Diagnostic,
Germany). Blood pressure measurements were carried out
by mercury sphygmomanometer and hypertension was
defined as systolic blood pressure (SBP) 2140 mm Hg or
diastolic blood pressure (DBP) 290 mm Hg, or use of
antihypertensive therapy.”! Criteria for diabetes mellitus
wete a FPG = 126 mg% (7 mmol/L) or HbAlc = 6.5% ot
use of insulin or oral hypoglycaemic agents.!""! Dyslipidemia
was defined as either of serum triglycerides (TG)
>1.7 mmol/L (150 mg/dl), or high-density lipoprotein
cholesterol (HDL-C) <1.03 mmol/L (40 mg/dl) in men and
1.3 mmol/L (50 mg/dl) in women or low density lipoprotein
cholesterol (LDL-C) >2.6 mmol/L (100 mg/dl)."" Waist
circumference was measured in a horizontal plane above the
iliac crest. A value of >90 cm in men and >80 cm in women
was taken as abnormal as per the ethnic specific cut points
proposed by the International Diabetes Federation.!"

A total of 70 healthy age-and gender-matched subjects were
evaluated as controls in the study. The vitamin D levels in
stroke patients were compared to that of healthy controls.
In subgroup analysis, we compared the association between
25(0OH) D levels in stroke patients with the prevalence of
diabetes, hypertension, obesity, and dyslipidemia.

Statistical analysis
The statistical analysis was carried out using Statistical
Package for Social Sciences (SPSS Inc., Chicago, 1L,

version 17.0 for Windows). Using the Power/Sample size
calculator, our sample size came was 65 (taking a confidence
interval of 95%, power of study as 90%, prevalence of
vitamin D insufficiency as 50% in healthy adults!™” and
77% in patients with acute stroke).'""! All quantitative
variables like age, blood pressure, waist circumference,
FPG, HbAlc, 25(OH) D levels, iPTH levels, calcium
profile, and lipid profile were estimated using measures
of central location, i.e. mean, median and measures of
dispersion, i.e. standard deviation. Normality of data was
checked by Kolmogorov Smirnov tests of normality. For
normally distributed data means were compared using
t-test for two groups. For skewed data, Mann Whitney test
was applied for comparison of two groups. For more than
two groups Kruskal Wallis test was applied. Qualitative or
categorical variables, e.g. obesity, hypertension, diabetes
mellitus, etc., were presented as percentages. Proportions
were compared using Chi-square or Fisher’s exact test
whichever was applicable. All statistical tests were two-sided
and performed at a significance level of o =0.05.

REsuLTs

Demographic data for the study population
(73 cases and 70 controls) are summarized in Table 1. The
mean T SD age of cases and controls was 59.9 + 11.2 and
57.9 £ 9.7 years, respectively (P = 0.26). The proportion
of men in cases and controls were 67.1% and 65.7%,
respectively (P = 0.86). The proportion of smokers
among cases (24.7%) was significantly higher than that
in controls (10%) (P = 0.02). Significantly higher values
of waist circumference, SBP, DBP, TG, FPG, and HbAlc
were found in cases than in controls as shown in Table 1.
LDL-C and HDL-C were significantly higher in controls
as compared to cases.

Only 27.4% of cases and 34.3% of controls were vitamin D
sufficient. There was no significant difference among cases
and controls in vitamin D status and iPTH levels as shown
in Table 1. To see the effect of seasonal difference, the
vitamin D levels of the cases in summers (April-September)
and winters (October—March) were compared. The mean
vitamin D levels wetre 62 + 40.5 nmol/L (24.8 + 16.2 ng/ml)
and 67 £ 36.5 nmol/L (26.8 * 14.6 ng/ml), respectively.
The difference between the two groups was not statistically
significant (P=0.61). Also on comparing the mean vitamin D
levels between cases [67 + 36.5 nmol/L (26.8 + 14.6 ng/ml)]
and controls [65.5 + 36.3 nmol/L (26.2 £ 14.5 ng/ml)] in
similar season (October-March), no significant difference
was found (P = 0.80).

There was high prevalence of traditional risk factors
of stroke among cases. Hypertension, diabetes mellitus,
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dyslipidemia, and obesity were present in 87.7%, 54.8%,
87.7%,and 56.2% of cases, respectively. After study, 24.7%
were smoker and 6.8% of cases had non-valvular atrial
fibrillation.

We analyzed the risk factor prevalence among cases as pet
their vitamin D status. The comparison was made between
individuals who were vitamin D sufficient and those who
were cither vitamin D insufficient or vitamin D deficient
(i.e. between cases with vitamin D levels 275 nmol/L
and <75 nmol/L, as shown in Table 2 and =50 nmol/L
and <50 nmol/L, as shown in Table 3). No statistical
difference was observed either in the prevalence of
hypertension, diabetes mellitus, obesity, dyslipidemia,
ischemic heart disease, non-valvular atrial fibrillation,
and smoking [Tables 2 and 3| or in the biochemical
parameters (TC, LDL, HDL, TG, FPG, HbAlc, serum
total calcium, serum inorganic phosphorous, and iPTH) as
per vitamin D status among cases [Tables 4 and 5].

DiscussioN

We found no association of low vitamin D status with
ischemic stroke or its prevalent risk factors. Although,
prospective population-based studies have shown that

Table 1: Baseline characteristics of cases and controls

Variable Cases Controls  Pvalue
(n=73) (n=70)

Age, years 59.9+11.2 57.9+9.7 0.26

Males (%) 67.1 65.7 0.86

Smokers (%) 24.7 10 0.02

SBP (mm Hg) median
(interquartile range)

160 (140-190) 130 (120-130) <0.001

DBP (mm Hg) median 100 (85-105) 80 (70-80)  <0.001
(interquartile range)

Total Cholesterol (mmol /L) 4.4+1.4 4.7+1.2 0.09
LDL-C (mmol/L) 2.4+1.1 3.0x1.2 0.002
HDL-C (mmol/L) 1.0£0.4 1.1£0.3 0.04

TG (mmol/L) median
(interquartile range)
Dyslipidemia % 87.7 75.7 0.08

14 (11-1.9)  12(0.9-1.7)  0.01

FPG (mmol/L) median 6.8 (5.5-9.6) 5.1(4.5-5.5) <0.001
(interquartile range)
HbA1c (%) median 6.3(5.8-8.8) 6.0(5.7-6.3) <0.001
(interquartile range)
Serum total calcium (mmol /L) 2.340.2 2.3+0.2 0.40
Serum phosphorus (mmol/L) 1.2+0.3 1.1£0.2 0.14
25 (OH) D nmol/L 63.8+£38.8 65.8+35.3 0.75
Vitamin D status (nmol/L) 0.25
Deficient (<50 nmol/L) (%) 46.6 32.9
Insufficient 26.0 32.9
(50-74 nmol/L) (%)
Sufficient (=75 nmol/L) (%) 27.4 34.3
iPTH (ng/L) 53.9+34.6 62.6+27.3 0.10
Waist circumference (cm) 91.8+13.6 86.6+13.0 0.02

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, LDL-C: Low density
lipoprotein cholesterol, HDL-C: High density lipoprotein cholesterol, TG: Triglyceride,
FPG: Fasting plasma glucose, 25(0H) D: Serum 25-hydroxyvitamin D and iPTH: Intact
parathyroid hormone

low 25(OH) D levels are predictive of future stroke,*
our study being a cross-sectional hospital-based study did
not demonstrate this association. We have restricted our
comparison on this association to other cross-sectional
studies.

Table 2: Characteristics of cases as per vitamin D status,
(25 (OH) D <75 nmol/L vs. =75 nmol/L)

Variable Serum 25 (OH) Serum 25 (OH) P value
D <75 nmol/L D =75 nmol/L
(n=53) (n=20)
Age, years 60.4+11.3 58.5£11.0 0.51
Males % 69.8 60 0.58
Hypertension % 84.9 95 0.43
Diabetes % 50.9 65 0.31
Dyslipidemia % 88.7 85 0.70
Ischemic heart disease % 26.4 20 0.76
Smokers % 18.9 40 0.08
Obese % 56.6 55 1.00
Non valvular atrial 7.5 5 1.00

fibrillation %
25 (OH) D: Serum 25-hydroxyvitamin D

Table 3: Characteristics of cases as per vitamin D status,
(25 (OH) D <50 nmol/L vs. =50 nmol/L)

Variable Serum 25 (OH) Serum 25 (OH) P value
D <50 nmol/L D =50 nmol/L
(n=34) (n=39)
Age, years 59.1+10.1 60.6+12.2 0.56
Males % 64.7 69.2 0.80
Hypertension % 88.2 87.2 1.00
Diabetes % 50.0 59.0 0.49
Dyslipidemia % 91.2 84.6 0.50
Ischemic heart disease % 29.4 20.5 0.42
Smokers % 20.6 28.2 0.59
Obese % 64.7 48.7 0.23
Non valvular atrial 8.8 5.1 0.66

fibrillation %
25 (OH) D: Serum 25-hydroxyvitamin D

Table 4: Biochemical parameters of cases as per
vitamin D status, (25 (OH) D <75 nmol/L vs =75 nmol/L)

Variable Serum Serum P value
25 (OH) D 25 (OH) D
<75 nmol/L =75 nmol/L
Total Cholesterol (mmol /L) 4.3:1.4 4.5+1.1 0.51
LDL-C (mmol/L) 2.4+1.2 2.5+0.9 0.66
HDL-C (mmol/L) 1.0£0.4 0.9+0.4 0.59
TG (mmol/L) median 1.4 1.6 0.24
(interquartile range) (1.1-1.9) (1.3-2.0)
FPG (mmol/L) median 6.6 (5.4-9.3) 8.1(6.1-12.4) 0.11
(interquartile range)
HbA1c (%) median 6.3(5.8-8.7)  6.4(5.6-9.4) 0.99
(interquartile range)
Serum total 2.320.2 2.320.2 0.47
calcium (mmol/L)
Serum 1.220.3 1.220.3 0.41
phosphorus (mmol/L)
iPTH (ng/L) 54.1+£36.7 53.4+28.6 0.93

LDL-C: Low density lipoprotein cholesterol, HDL-C: High density lipoprotein
cholesterol, TG: Triglyceride, FPG: Fasting plasma glucose, 25 (OH) D: Serum
25-hydroxyvitamin D and iPTH: Intact parathyroid hormone
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Table 5: Biochemical parameters of cases as per
vitamin D status, (25 (OH) D <50 nmol vs =50 nmol/L)

Variable Serum Serum P value
25(0OH) D 25(0OH) D
<50 nmol/L =50 nmol/L

Total Cholesterol (mmol /L) 4.4x1.6 4.3x1.1 0.73
LDL-C (mmol/L) 2.4+1.3 2.4%0.7 0.87
HDL-C (mmol/L) 1.0£0.5 1.0£0.3 0.89
TG (mmol/L) median 1.6 (1.1-2.1) 1.4 (1.2-1.7) 0.51
(interquartile range)

FPG (mmol/L) median 6.8 (5.6-9.7) 7 (5.4-7) 0.77
(interquartile range)

HbA1c (%) median 6.5(5.8-8.6) 6.3 (5.7-9.4) 0.72
(interquartile range)

Serum total calcium (mmol/L) 2.3+0.2 2.3+0.2 0.65
Serum phosphorus (mmol/L) 1.2£0.3 1.2£0.3 0.95
iPTH (ng/L) 57.0+42.0 51.2426.5 0.48

LDL-C: Low density lipoprotein cholesterol, HDL-C: High density lipoprotein
cholesterol, TG: Triglyceride, FPG: Fasting plasma glucose, 25 (OH) D: Serum
25-hydroxyvitamin D and iPTH: Intact parathyroid hormone

Poole ez al., found 34 of 44 patients (77%) with stroke with
low serum 25(OH) D levels (<50 nmol/L) which were
substantially lower than healthy eldetly subjects.”! The
inclusion criterion in the study were however hemiplegia
involving lower limb, inability to walk independently
1 week after stroke. The sample for 25(OH) D level was
collected up to 30 days of a first-ever stroke, whereas we
evaluated 25(OH) D levels within 7 days of stroke and
our stroke population was not restricted to lower limb
plegics. Prolonged immobilization contributes to lowered
vitamin D levels. Moreover, they included both ischemic
and hemorrhagic strokes, which make the study population
heterogenous.

In a study of elders, receiving home services, 25(OH)
D levels less than 50 nmol/L was associated with stroke
with or without dementia in fully adjusted logistic regression
models.(OR = 2.3, 95% CI 1.1-4.8). However, when
subjects with stroke were stratified by the presence or
absence of dementia, 25(OH) D status did not emerge to
be a significant factor.”!

Another cross-sectional analysis data from NHANES 111
reported strong and independent relationship of 25(OH)
D deficiency with prevalent cardiovascular disease (CVD).
However, CVD outcome was based on self report. The
data did not provide information about the date of onset
CVD or any subsequent life style changes, both of which
could have occurred long before the patients’ participation
in the study."”

In terms of strengths, the inclusion criteria of our study
avoided false associations between the prevalence of
vitamin D deficiency and stroke, as patients were recruited
within 7 days of onset of stroke, did not have a past history
of stroke (Vitamin D deficiency is common in post-stroke

immobilised patients), and were ambulatory prior to stroke
as in some previous studies.

This study has some limitations. Being a cross-sectional
study, it has a limited ability to determine a temporal
association between vitamin D deficiency and ischemic
stroke. The participants in this study were recruited from
patients attending tertiary level health services and results
cannot be generalized to a community dwelling population.

In conclusion, vitamin D deficiency/insufficiency does not
bear an association with ischemic stroke or its prevalent
risk factors. It might be a marker of greater comorbidity
rather than being causally related to stroke.
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